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SECTION I 

INTRODUCTION 

Knowledge of the mechanis*s which control the transport and ultimate 
fate of pollutants in the environment is tremendously important in eval¬ 
uating their environmental impact. The natural environment is an active 
reaction vessel where physical, chemical, and biological mechanisms act 

ficanc P011“1"* to either increase ci decrease its environmental signi- 

eenir 5 haveJ>oen of concern because of their reported care i no- 
f^îî« “f"' Tî*®se compounds have been reported to be found in 
foods (Reference 1), soils (Reference 2), and sewage (Reference 3) and 

rnetr?^ fProduct in the manufacture of the rocket fuel únsyn- 
metrica! dimethyl hy dr atine (WMi) . Because of the mutagenic propïîîïî, 
of this organic compound, knowledge of the reactions which effect its 

ln “tur*1 o»viron«„t is i^rtS if’ 
on íts «nvironment.l significance. The research 

AÎÏÏe ríniüí • de51gni,it0 investi8at* the fate of N-Nitroso Dimethyl 
Amine (NDMAj in aqueous solutions and in a 25 percent caustic waste stieam 
which is produced in the manufacture of UDM1. 

References 

1. N. Sen, et al, ’'Diethylnitrosamine and Other N-Nitrosamine« in -• 
Analytical Chemistry. 52 (1969), p. 47. rosamines in Foods, 

nitrosanine*“*'carcinogen4,^'^gãn ‘ÍrSÍÜVre^^h^ic1“1^1 ' 
Compounds," Soil Science Society ¿ A¿eric^ 

p‘ /; Ayanaba. W. Verstraete, and M. Alexander, "Possible Microbial' 

Cancer^nstitute ^ ^ 

p. 565. 
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SECTION II 

EXPERIMENTAL 

These studies were designed to approximate varying environmental con¬ 
ditions which would effect the evaporation and/or degradation of MDMA in 
an open lagoon; however, no attempt was made to evaluate biological reac¬ 
tions which may occur over long residence times. Because of the number 
of variables which can influence evaporation and the goal of trying to 
produce results which can be used at other geographic locations, these 
studies were performed under occurring ambient conditions. Temperatures 
ranged from - 1 degree Centigrade to*21 degrees Centigrade, relative 
humidity from 8 to 100 percent and solar intensity from 0 to 76.7 langleys 

(grams-calories/centimeters2). The physical parameters given above were 
obtained from instruments at the location of the experiment and the 
Albuquerque National Weather Center. 

1. PROCEDURE 

Evaporation and photolysis experiments were conducted using 89-milli- 
meter diameter pyrex pétri dishes and a 39-millimeter diameter pyrex 
beaker which was cut off just above the 25 milliliter mark. For those 
experiments designed to measure photolysis in the absence of evaporation, 
the petri dish was covered with a pyrex plate onto which a capillary tube 
had been attached to allow sample withdrawal with a syringe needle. 

Experiments were conducted in the following manner; 25 milliliters 
of the solution containing the NDMA was added to the pyrex petri dish, the 
container was weighed, and the sample was placed on a white surfaced table 
outside the laboratory. After the desired time interval, the sample was 
reweighed, the weight recorded, and the sample brought back to the original 
weight with all-glass distilled water. This allowed analysis of the sample 
without mathematically correcting for the concentration caused by water 
evaporation. After weighing, the samples were analyzed as described below 
and returned to the table outside the laboratory. 

2. ANALYTICAL 

Analyses were performed using a Tracor MT 222 gas chromatograph with 
a 6-foot by 1/4-inch stainless steel column packed with Porapak Q porous 
polymer beads. A Flame Ionization Detector was used with the following 
operating parameters: 

Temperature: Oven - 217 degrees Centigrade 
Inlet - 240 degrees Centigrade 
Detector - 285 degrees Centigrade 
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Flowrate : Carrier - 70 milliliters/ainute 
Hydrogen - 43 ■illiliters/ninute 
Air - 470 ■illiliters/Binute 

MDMA gave a retention time of 4 minutes and a detection limit of 
1 milligram/liter. Because of the low attenuation required (full scale 

sensitivity of 10 x 10 ^ amps) and the resulting poor baseline, concen¬ 
trations less than 5 milligrams/liter (25-nanogram per S-microliter injec¬ 
tion) were recorded as less than 5 milligrams/liter. 

Samples from solutions containing NaOH were not injected directly but 
were first distilled using a conventional microorganic distillation appa¬ 
ratus. Twenty-five milliliters of distilled water were added to the sample 
and a distillate volume of slightly less than 25 milliliters was collected 
in an ice bath. The sample was brought up to 25 milliliters in a volumet¬ 
ric flask and analyzed as above. Recoveries of greater than 97 percent 
were achieved for 200-milligram/liter and 40-milligram/liter standards. 
Attempts at concentrating the samples by collecting the first 5 milli¬ 
liters of distillate were unsuccessful since only 77 percent recovery 
could be achieved. However, if no water was added to the sample and the 
first 10 milliliters of distillate were collected, greater than 97 percent 
recovery could be achieved with a 2.5 fold concentration. 

3. REAGENTS 

All experiments were run using 99 percent pure reagent grade N-Nitroso 
Dimethyl Amine, Aldrich Chemical, supplied by the USAF Environmental Health 
Laboratory at Kelly Air Force Base, Texas. Because of the carcinogenic 
properties of this compound, it was kept in a sealed container and dilu¬ 
tions were made in a hood using a syringe. Concentrations were calculated 
from the weight difference observed in a volumetric flask. All other 
chemicals used in the study were analytical grade and the distilled water 
was initially deionized through a mixed media ion-exchange resin, distilled 
in an all-glass still and stored in a pyrex container. 

3 



SECTION III 

RESULTS 

1. EFFECTS OF pH 

Figure* 1 shows th<6 reduction o€ noma oc m & . . - 
acid, and caustic solutions Th* ÄS a functlon of time for neutral 
slightly higher for 10nurate f°r caust^ solutions is 
increased ionic streneth Thi< i whïch could he caused by the 

solutions whiíh giveTÎemova rite !™°nStrated by the 20 P^cent NaCl 
Reducing the pH to 3 S with 1 N UNO app^°xlmately the same as the caustic, 
the r , . / ,lN03 pro<luces a substantial increase in 
the rate of decrease. 

2. EFFECTS OF SUNLIGHT 

ai-iHFïgUîe 2 giYes the Plots of concentration versus time for neutral 
H à ’aid HCSUStf!n0lffÍ0tS out of direot incident sunlight, 'ßoth 

^ and H^°'- fal1 off at a lower rate; however, 0Hs is not significantly 2“s '*2~as 
different than OH. 

3. EFFECTS OF PHOTOLYSIS 

covelï! degradation of NDMA in the absence of evaporation in the pyrex 
suchT\™ ^55^1 15 show" In Figure 3. It is unclear why ïhere is 
such a l.rge amount of scatter in the data for the caustic solutions it 
m appare^ ^om the plot of the covered vessel located in the shade' 
*2 ps^’ 8 4* that there is still some scattered UV which induces 

breakdown. 

4. EFFECTS OF NITRITE 

soluIiln^?lMf concentrati°n versus time for neutral, acid, and caustic 
4 Nillfrl h Ï^K?reSeuCe 0f 5 percent sodium nitrite are given in Figure 
but nil il thlh7n the remOVal in both the neutral and acid solutions 
but not in the 20 percent caustic. The effect of nitrite on photolysis 
is shown in Figure S where the concentration of NDMA versus time is^hown 
for 5 percent nitrite solutions in pyrex covered vessels. 
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SECTION IV 

DISCUSSION 

1 . EVAPORATION 

A review of the pertinent literature revealed nn „ 
evaporation of NDMA i a 7 reveaied no past research on the 
oration and t*hotolv«i 1 d f indlcate» however, that due to evap- acioi. ana photolysis, this organic compound disannearc S 

reduction^ner t0 ,pl”'OXÍ"atel>' 4 h<>urs. Calculations on the 

ÆZâ HrÂÂ'Âiîï:? ïÂiîr.^, 
moderate depth^sed1^«^? independent of dePth in cl«ar solutions of the 

* “Â't'irt^'c^is'î; rúix ?0v- 

.he re^i'ïs1““«^ yothr^ê”r,rï;ê8^n. -“di1«1' soiutio"s-. 

remSvïî S°lutl0ns the operation accounts for about one half the 

HoweíeÍ?TsSwÍCl50ÍIe^ec?e5erthrh^htÍOr»,WÍth ^ gaVe P°0f results* 
the greater the raS lÎîfaüo'^ 

2. PHOTOLYSIS 

d.co^"»» :rssi ^spr««!:c%“i"sr 

for» hydrogen^bonded “f ^.^'„"‘Sd^^r^ ^ 

References 

(issiïrp^fîî1”"- ”!’h0t°1>'SlS of "-Nitrosanin.s," Tetr^edron Letter. 34 

Chemistry S; S. Novikov. "Advices in the 
(1974), p. 34 P N-Nitrosamines," Russian Chemical Reviews 40 (1) 
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lytl? d*C,0,?P^ltion of NDMA is reported to be brought about bv wavelength« 
in the UV diffuse absorption bands between 3200A aíd 390^ as weU a« 
shorter wavelengths in the vicinity of the mercury line at 2537A The 

p^cL“tô'í|engíh5 cT’ thH ^™rîSitlon of th' resulting react,on 
to N2- "i- “V C2H2' *"d ^ Reference 6). No prior research 

,.as investigated the photolytic decomposition In basic solutions 

.ithThÎîr^1”? ““ ‘"vestigated in a short study 

S: -èé'iï ¿ ^-“S'In^lae'^Tr^5 
the vesseis with pyrex to stop evaporation and limit the reduction 8 

hSurs ySÍMsesâÍeeeffêc? ofCírtS?t°f ^ 4° n,illi*rara^/liter MIMA in 7 
This implies IZl Ifdiffe^ 
Since the photolysis encountered in th«» ai“Crent at the high pH values, 

brought about by^unlig^r^Me^uí^ff^o^T^idenTs:^ rZL^ln 
rLÍtVe tue nitrite Produced must come from the reactiî^ôf the 

u^on UV^botolysL'i^llvirb^he^rier^a^icil^oc^e^ich0" 
‘(Refeîïi?erI??ti0n ^ Subse<iuent analysis of thfnitrile to measure MDMA 

thisÄigÄ“^: requits :PlaCed ^ 

Sample 

OH 
OH 

H2°p 
h2o 

H_0 
2 ap 

NDMA Lost 
(milligrams/liter! 

'u 200 
200 

^ 160 

'v 200 

^ 200 

N-N0 Produced 
(milligrams/liter) 

1.44 
2.44 

40 

65 

48 

References 

PartCi Dimethyl1- * and Dilthyï Ví trosSmiles^Paít Il^liVÍ 1™?®? C:omPounds* 
Chemical Society Journal 12 (1939)* p^ 12’ Pt 11 AliPhatic Amines," 

01 ®allwag and D. Schmahl, "Über Photolyse bel Nltmsasninaa« |( . 
Shaften. 54 (5) (1967), p. H6. rnotoiyse oei Nitrosaminen," Naturwissei 

8. D. Daiber and R. Preusemann, "Quantitative colorlmetri «/.has a 
organischer N-Nitroso-Verbindung dulch photochemische SpLluÏg del 
Nitrosaminbindung," Z. Anal. Chem.. 206 (1964), p. 206.? 8 

11 



Î5emîmgrw!iîerrS8enTÎen-r?î ^ h iter MDMA solution is miiiigra«s/liter N. The acidified sample, H.,0 may be low because the 

acidification may cause some of the N02 to be converted to NO and volatilized. 

intensiUes^urTnc^L^010^515 T-6 Under di«erent temperatures and light 

because the UV absu^tio^of 

nhnffataj^S not availat>le• there is some evidence for the rate of 
SinK in the 8as Phase than in the aqueous phase This 

wou?H nîaK K* is volatilized from the causticqsolutiSns then it 
would probably be photochemical 1 y degraded. In order to evaluate this 
ypothesis, several simple gas phase photolysis experiments were conducted. 

iniection^nto ^®s«nt®d several problems. For unknown reasons, direct 
toí to Sec^e u^tab^ c;T0mat08raPh ^ the gaseous MDMA caused the detec- 
neLssarv tö ' glvln8 no quantitative results, and it became 
stfonglv in theHÍOPthineW te!5niclue for ^al/sis. Since NONA absorbs 
strongly in the UV, this seemed a reasonable method to use. 

A GC septum was glued to the top of the filling hole of a c 
meter liquid spectrophotometer cell providing a gaf Sht Lai 

cl"^Cl/nt0 the cen “d ^11°^ l» volatilizefaSTheSspectra "were^hen "e! 
leaking^ V,r‘ous tl”es °ver » 6-hour period verifying that the cell was not 

, ^syringe was used to withdraw a small amount of Dure NDMA 
îô vÔïât!;?Uldr"aS de|,osited »" th« fl“r of the cell Te mM*"L ánowed 
° v°latllize for several minutes and then the absorbance was measured at 

230 nanometers on a Coleman 55 spectrophotometer. The gL celï ¡¡as Sen 
taken outside and placed in the direct sunlight After Ie; mi nur oo 11 

was brought inside and the absorbance measured IftZ ÍbsôÍb^e!’^ Cel1 
could be quantitated fro« the standard SîïeSf a^eoîs Ä c^cLtÎfïîon 
versus absorbance, this value was used as the initial value and the cell 

TiLri rt in "î6 SUn- If the absor*jance figure was too h^ îï be Lan- 

I ^«¡fUbir^ínV^s^St,?0 the SUn and the repeated^until 

„„A °"ce aa initial reading was obtained, the sample was placed in the sun 

ò :«se:hr„as?°rbanr 
studies "s‘d 
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SECTION V 

CONCLUSIONS 

From the previous discussion, the following conclusions can be 
summarized : 

!• NDMA is easily evaporated and photolyzed in aqueous solutions. 

2. The rate of evaporation is greater at higher pHs; however, the 
rate of photolysis is greater in acid solutions. 

3. Nitrite severely inhibits the photolysis of NDMA in acid and 
neutral pHs. 

4. An increase in ionic strength slightly increases the evaporation 
rate. 

5. The gas phase photolysis rate is approximately twice that found 
for the aqueous phase photolysis. 

, The implications of the above results for lagooning of the caustic 
I NDMA waste stream are that the majority of the NDMA will volatilize from 

the solutions very rapidly unless the caustic is neutralized. If the 
waste is neutralized (assuming the resulting heat of neutralization does 
not distill off the NDMA), then photolysis would predominate unless nitrite 
is present, in which case, little of the NDMA would leave the lagoon either 
by volatilization or photolysis. 

14 
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LIST OF SYMBOLS 

H2° 

OH 

H,0 
2 n 

H.O 
2 P 

H-O 
2 s 

H-0 
2 a 

H2°C1 

H2°B 

H-0 
2 as 

OH 

H-0 
2 ap 

OH 

H-0 
2 an 

H-0 
2 ps 

OH 

H-0 
2 pn 

OH 
pn 

water solution 

20 percent caustic solution 

nitrite added (1 gram) 

covered with a pyrex plate (photolysis only) 

shaded 

acid added to pH 3.5 

sodium chloride added (1 gram) 

25 ml beaker 

acidified and shaded 

25 percent caustic and shaded 

acidified and covered with pyrex plate 

25 percent caustic and covered with pyrex plate 

acidified with nitrite added 

covered with pyrex plate and shaded 

25 percent caustic with nitrite added 

covered with pyrex plate with nitrite added 

25 percent caustic pyrex covered with nitrite added 
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